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MUTEINS WITH TEAR LIPOCALIN HAVING
AFFINITY TO HUMAN C-MET RECEPTOR
TYROSINE KINASE AND METHODS FOR
OBTAINING THE SAME

This application is a National Stage application of PCT/
EP2009/051020, filed Jan. 20, 2009, which claims the benefit
of priority of U.S. provisional application No. 61/024,658
filed Jan. 30, 2008 the contents of which are hereby incorpo-
rated by reference in their entirety for all purposes.

The present invention relates to a mutein of human tear
lipocalin (hTLc) having detectable binding affinity to the
human Met receptor tyrosin kinase (c-Met) or a domain or
fragment thereof. Such a mutein comprises amino acid
replacements at least one of the sequence position corre-
sponding to sequence positions 26-34, 56-58, 80, 83, 104-
106, and 108 of hTLC. The invention also relates to corre-
sponding nucleic acid molecules encoding such a mutein and
to a method for their generation. The invention further relates
to a method for producing such a mutein. Finally, the inven-
tion is directed to a pharmaceutical composition comprising
such a lipocalin mutein as well as to various uses of the
mutein.

The Met receptor tyrosine kinase (RTK) was first identified
as the product of a human oncogene, Tpr-Met (Park et al.,
Proc. Natl. Acad. Sci, USA, Vol. 84, pages 6379-6383, 1987).
The ligand for c-Met was identified as hepatocyte growth
factor (HGF). HGF was originally identified as a mitogen for
hepatocytes in culture. HGF is identical to scatter factor (SF),
afibroblast-derived factor that promotes dispersal of sheets of
epithelial cells, as well as branching tubulogenesis of epithe-
lia grown in three-dimensional cultures. HGF/SF is thus a
unique growth factor that elicits multiple cellular responses
including mitogenesis, cell motility and morphogenesis.

HGF/SF and c-Met are expressed in many tissues in the
adult. The c-Met protein is expressed mostly in epithelial
cells, but also in endothelial cells, neural cells, hepatocytes,
hematopoietic cells, melanocytes. c-Met might well be one of
the most important membrane receptors. Its activation plays a
key role in cellular physiology: mitogenesis, motogenesis,
morphogenesis. HGF/SF seems essentially produced by cells
of mesenchymal origin.

When HGEF/SF activates c-Met, the first proteins to be
activated downstream are Grb2 (growth factor receptor bound
protein 2) and Gab 1 (growth factor receptor bound protein 2
associated binder 1). Grb2 in turn may activate a number of
kinase pathways, including the pathway from Ras to Raf to
Mek and to MAPK (mitogen-activated protein kinase). Gab 1
activates PI3K (phosphoinositide 3 kinase), which activates
STAT3 (signal transducer and activator of transcription).
c-Met activation also induces activation of beta catenin, a key
component of the wnt pathway which translocates into the
nucleus and participates in transcription regulation.

The HGF/c-Met pathway plays an important role in the
development of cancer. First through the activation of key
oncogenic pathways (Ras, PI3K/STAT3, beta catenin), sec-
ondly through endothelial cell proliferation (neoangio gen-
esis), thirdly through increased protease production and
hence cell dissociation leading to metastasis.

Various new therapeutic approaches, some of them in
phase I or II clinical trials are aimed at the HGF/c-Met path-
way. These approaches include anti HGF monoclonal anti-
bodies such the humanized form AV299 of AVEO or a fully
human antibody named AMBI102 one from Amgen
(AMG102). Another approach is the use of truncated variants
of'c-Met that act as decoys. One such example is the truncated
version called CGEN241 from COMPUGEN. Also protein
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kinase inhibitors (small molecules) that block c-Met induced
pathways are used for therapeutic purpose. Examples of such
small molecule protein kinase inhibitors include ARQ197
from ARQULE, XL880 from EXELIXIS, SGX523 from
SGX Pharmaceuticals, MP470 from SUPERGEN, or
PF2341066 from PFIZER

However, it would still be desirable to have further com-
pounds available that bind c-Met and that can for example be
used for therapeutic purposes.

Accordingly, it is an object of the invention to provide
human tear lipocalin muteins having high binding affinity for
a given target.

This object is accomplished, for example, by a human tear
lipocalin (hTlc) mutein having detectable binding affinity to a
human Met receptor tyrosin kinase (c-Met) or a domain or
fragment thereof, wherein such a mutein comprises an amino
acid replacement at least one of the sequence position corre-
sponding to sequence positions 26-34, 56-58, 80, 83, 104-
106, and 108 of hTLC.

In arelated aspect, the present invention provides a method
for the generation of a mutein of human tear lipocalin,
wherein the mutein binds c-Met with detectable binding
affinity. This method includes:

(a) subjecting a nucleic acid molecule encoding a human

tear lipocalin to mutagenesis at at least one codon of any
of the amino acid sequence positions 26-34, 56-58, 80,
83, 104-106 and 108 of the linear polypeptide sequence
of native mature human tear lipocalin, wherein at least
one of the codons encoding cysteine residues at
sequence positions 61 and 153 of the linear polypeptide
sequence of the mature human tear lipocalin has been
mutated to encode any other amino acid residue, thereby
obtaining a plurality of nucleic acids encoding muteins
of human tear lipocalin,

(b) expressing the one or more mutein nucleic acid mol-
ecule(s) obtained in (a) in an expression system, thereby
obtaining one or more mutein(s), and

(c) enriching the one or more mutein(s) obtained in step (b)
and having detectable binding affinity for Met by means
of selection and/or isolation.

In this context it is noted that the inventors have surpris-
ingly found that removal of the structural disulfide bond (on
the level of a respective naive nucleic acid library) of wild
type tear lipocalin that is formed by the cystein residues 61
and 153 (cf. Breustedt, et al. (2005), The 1.8-A crystal struc-
ture of human tear lipocalin reveals an extended branched
cavity with capacity for multiple ligands. J. Biol. Chem. 280,
484-493) provides tear lipocalin muteins that are not only
stably folded but in addition are also able to bind a given
non-natural ligand with affinity in the low picomolar range.

The term “mutagenesis™ as used herein means that the
experimental conditions are chosen such that the amino acid
naturally occurring at a given sequence position of human
tear lipocalin (Swiss-Prot data bank entry P31025) can be
substituted by atleast one amino acid thatis not present at this
specific position in the respective natural polypeptide
sequence. The term “mutagenesis™ also includes the (addi-
tional) modification of the length of sequence segments by
deletion or insertion of one or more amino acids. Thus, it is
within the scope of the invention that, for example, one amino
acid at a chosen sequence position is replaced by a stretch of
three random mutations, leading to an insertion of two amino
acid residues compared to the length of the respective seg-
ment of the wild type protein. Such an insertion of deletion
may be introduced independently from each other in any of
the peptide segments that can be subjected to mutagenesis in
the invention. In one exemplary embodiment of the invention,
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an insertion of several mutations may be introduced into the
loop AB of the chosen lipocalin scaffold (cf. International
Patent Application WO 2005/019256 which is incorporated
by reference its entirety herein). The term “random mutagen-
esis” means that no predetermined single amino acid (muta-
tion) is present at a certain sequence position but that at least
two amino acids can be incorporated with a certain probabil-
ity at a predefined sequence position during mutagenesis.

The coding sequence of human tear lipocalin (Redl, B. et
al. (1992) J. Biol. Chem. 267, 20282-20287) is used as a
starting point for the mutagenesis of the peptide segments
selected in the present invention. For the mutagenesis of the
recited amino acid positions, the person skilled in the art has
at his disposal the various established standard methods for
site-directed mutagenesis (Sambrook, J. et al. (1989), supra).
A commonly used technique is the introduction of mutations
by means of PCR (polymerase chain reaction) using mixtures
of synthetic oligonucleotides, which bear a degenerate base
composition at the desired sequence positions. For example,
use of the codon NNK or NNS (wherein N=adenine, guanine
or cytosine or thymine; K=guanine or thymine; S=adenine or
cytosine) allows incorporation of all 20 amino acids plus the
amber stop codon during mutagenesis, whereas the codon
VVS limits the number of possibly incorporated amino acids
to 12, since it excludes the amino acids Cys, Ile, Leu, Met,
Phe, Trp, Tyr, Val from being incorporated into the selected
position of the polypeptide sequence; use of the codon NMS
(wherein M=adenine or cytosine), for example, restricts the
number of possible amino acids to 11 at a selected sequence
position since it excludes the amino acids Arg, Cys, Gly, Ile,
Leu, Met, Phe, Trp, Val from being incorporated at a selected
sequence position. In this respect it is noted that codons for
other amino acids (than the regular 20 naturally occurring
amino acids) such as selenocystein or pyrrolysine can also be
incorporated into a nucleic acid of a mutein. Itis also possible,
as described by Wang, L., et al. (2001) Science 292, 498-500,
or Wang, L., and Schultz, P. G. (2002) Chem. Comm. 1,1-11,
to use “artificial” codons such as UAG which are usually
recognized as stop codons in order to insert other unusual
amino acids, for example o-methyl-L-tyrosine or p-ami-
nophenylalanine.

The use of nucleotide building blocks with reduced base
pair specificity, as for example inosine, 8-oxo-2'deoxygua-
nosine or 6(2-deoxy-f-D-ribofuranosyl)-3,4-dihydro-8H-
pyrimindo-1,2-oxazine-7-one (Zaccolo et al. (1996) J. Mol.
Biol. 255, 589-603), is another option for the introduction of
mutations into a chosen sequence segment.

A further possibility is the so-called triplet-mutagenesis.
This method uses mixtures of different nucleotide triplets,
each of which codes for one amino acid, for incorporation
into the coding sequence (Virnekéds B, Ge L, Plickthun A,
Schneider K C, Wellnhofer G, Moroney S E. 1994 Trinucle-
otide phosphoramidites: ideal reagents for the synthesis of
mixed oligonucleotides for random mutagenesis. Nucleic
Acids Res 22, 5600-5607).

One possible strategy for introducing mutations in the
selected regions of the respective polypeptides is based on the
use of four oligonucleotides, each of which is partially
derived from one of the corresponding sequence segments to
be mutated. When synthesizing these oligonucleotides, a per-
son skilled in the art can employ mixtures of nucleic acid
building blocks for the synthesis of those nucleotide triplets
which correspond to the amino acid positions to be mutated so
that codons encoding all natural amino acids randomly arise,
which at last results in the generation of a lipocalin peptide
library. For example, the first oligonucleotide corresponds in
its sequence—apart from the mutated positions—to the cod-
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ing strand for the peptide segment to be mutated at the most
N-terminal position of the lipocalin polypeptide. Accord-
ingly, the second oligonucleotide corresponds to the non-
coding strand for the second sequence segment following in
the polypeptide sequence. The third oligonucleotide corre-
sponds in turn to the coding strand for the corresponding third
sequence segment. Finally, the fourth oligonucleotide corre-
sponds to the non-coding strand for the fourth sequence seg-
ment. A polymerase chain reaction can be performed with the
respective first and second oligonucleotide and separately, if
necessary, with the respective third and fourth oligonucle-
otide.

The amplification products of both of these reactions can
be combined by various known methods into a single nucleic
acid comprising the sequence from the first to the fourth
sequence segments, in which mutations have been introduced
at the selected positions. To this end, both of the products can
for example be subjected to a new polymerase chain reaction
using flanking oligonucleotides as well as one or more media-
tor nucleic acid molecules, which contribute the sequence
between the second and the third sequence segment. In the
choice of the number and arrangement within the sequence of
the oligonucleotides used for the mutagenesis, the person
skilled in the art has numerous alternatives at his disposal.

The nucleic acid molecules defined above can be con-
nected by ligation with the missing 5'- and 3'-sequences of a
nucleic acid encoding a lipocalin polypeptide and/or the vec-
tor, and can be cloned in a known host organism. A multitude
of established procedures are available for ligation and clon-
ing (Sambrook, J. et al. (1989), supra). For example, recog-
nition sequences for restriction endonucleases also present in
the sequence of the cloning vector can be engineered into the
sequence of the synthetic oligonucleotides. Thus, after ampli-
fication of the respective PCR product and enzymatic cleav-
age the resulting fragment can be easily cloned using the
corresponding recognition sequences.

Longer sequence segments within the gene coding for the
protein selected for mutagenesis can also be subjected to
random mutagenesis via known methods, for example by use
of the polymerase chain reaction under conditions of
increased error rate, by chemical mutagenesis or by using
bacterial mutator strains. Such methods can also be used for
further optimization of the target affinity or specificity of a
lipocalin mutein. Mutations possibly occurring outside the
segments of experimental mutagenesis are often tolerated or
can even prove to be advantageous, for example if they con-
tribute to an improved folding efficiency or folding stability
of' the lipocalin mutein.

The term “human tear lipocalin™ as used herein to refer to
the mature human tear lipocalin which is deposited with the
SWISS-PROT Data Bank under Accession Number P31025
and the amino acid sequence of which is indicated in SEQ ID
NO: 36 here.

In one embodiment of the invention, the method for the
generation of a mutein of human tear lipocalin includes
mutating atleast2,3,4, 5, 6,8,10,12,14,15,16, or 17 of the
codons of any of the amino acid sequence positions 26-34,
56-58, 80, 83, 104-106, and 108 of the linear polypeptide
sequence of mature human tear lipocalin. In another embodi-
ment all 18 of the codons of amino acid sequence positions
26,27,28,29,30,31,32,33,34,56,57, 58, 80, 83, 104, 105,
106, and 108 of the linear polypeptide sequence of mature
human tear lipocalin are mutated. Accordingly, a Met binding
mutein of the invention may comprise a mutation at any of 2,
3,4,5,6,8,10,12, 14,15, 16, 17 or 18 of the positions of the
amino acid sequence positions 26-34, 56-58, 80, 83, 104-106,
and 108 of the linear polypeptide sequence of mature human
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tear lipocalin. However, it is clear to the person skilled in the
art that subjecting a sequence position to mutagenesis does
not necessarily mean that the chosen possible amino acid
replacement will indeed occur in a mutein of the invention.
Due to back mutations or structure-function relationship an
amino acid residue of the wild type tear lipocalin sequence
may also be retained in a mutein of the invention.

In another aspect, the present invention includes a method
for the generation of a mutein of human tear lipocalin,
wherein the mutein binds c-Met as given non-natural ligand
of human tear lipocalin with detectable binding affinity,
including:

(a) subjecting a nucleic acid molecule encoding a human
tear lipocalin to mutagenesis at at least one codon of any
of'the amino acid sequence positions 34, 80, and 104 of
the linear polypeptide sequence of mature human tear
lipocalin, thereby obtaining a plurality of nucleic acids
encoding muteins of human tear lipocalin,

(b) expressing the one or more mutein nucleic acid mol-
ecule(s) obtained in (a) in an expression system, thereby
obtaining one or more mutein(s), and

(c) enriching the one or more mutein(s) obtained in step (b)
and having detectable binding affinity for c-Met as given
non-natural ligand of human tear lipocalin by means of
selection and/or isolation.

In one embodiment of the afore-mentioned method, addi-
tionally atleast 2,3, 4, 5, 6, 8, 10, 12, 14, or 15 of the codons
of'any of'the amino acid sequence positions 26-33, 56-58, 83,
105-106, and 108 of the linear polypeptide sequence of
mature human tear lipocalin are mutated.

In a further embodiment of the invention, the methods
according to the invention include the mutation of both of the
codons encoding cysteine at positions 61 and 153 in the linear
polypeptide sequence of mature human tear lipocalin. Both
positions can for example, be mutated to encode a serine
residue.

In another embodiment of the invention as described
herein, the codons encoding amino acid sequence positions
111 and/or 114 of the linear polypeptide sequence of mature
human tear lipocalin are mutated to encode for example a
proline at position 111 and a tryptophane at position 114.

Another embodiment of the methods of the invention
involves mutagenesis of the codon encoding the cysteine at
position 101 of the linear polypeptide sequence of mature
human tear lipocalin so that this codon encodes any other
amino acid. In one embodiment the mutated codon encoding
position 101 encodes a serine. Accordingly, in some embodi-
ments either two or all three of the cystein codons at position
61, 101 and 153 are replaced by a codon of another amino
acid.

According to the method of the invention a mutein is
obtained starting from a nucleic acid encoding human tear
lipocalin. Such a nucleic acid is subjected to mutagenesis and
introduced into a suitable bacterial or eukaryotic host organ-
ism by means of recombinant DNA technology. Obtaining a
nucleic acid library of tear lipocalin can be carried out using
any suitable technique that is known in the art for generating
lipocalin muteins with antibody-like properties, i.e. muteins
that have affinity towards a given target. Examples of such
combinatorial methods are described in detail in the interna-
tional patent applications WO 99/16873, WO 00/75308, WO
03/029471, WO 03/029462, WO 03/029463, WO 2005/
019254, WO 2005/019255, WO 2005/019256, WO 2006/
56464, or International patent application PCT/EP2007/
057971 the disclosure of which is fully incorporated by
reference herein for instance. After expression of the nucleic
acid sequences that were subjected to mutagenesis in an
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appropriate host, the clones carrying the genetic information
for the plurality of respective lipocalin muteins, which bind a
given target can be selected from the library obtained. Well
known techniques can be employed for the selection of these
clones, such as phage display (reviewed in Kay, B. K. et al.
(1996) supra; Lowman, H. B. (1997) supra or Rodi, D. J., and
Makowski, L. (1999) supra), colony screening (reviewed in
Pini, A. et al. (2002) Comb. Chem. High Throughput Screen.
5, 503-510), ribosome display (reviewed in Amstutz, P. et al.
(2001) Curr. Opin. Biotechnol. 12, 400-405) or mRNA dis-
play as reported in Wilson, D. S. et al. (2001) Proc. Natl.
Acad. Sci. USA 98, 3750-3755 or the methods specifically
described in WO 99/16873, WO 00/75308, WO 03/029471,
WO 03/029462, WO 03/029463, WO 2005/019254, WO
2005/019255, WO 2005/019256, WO 2006/56464 or Inter-
national patent application PCT/EP2007/057971 the disclo-
sure of which is fully incorporated by reference herein for
instance.

Inaccordance with this disclosure, step (c) of the method of
obtaining a c-Met binding tear lipocalin mutein further com-
prises in another embodiment of the above methods:

(1) providing c-Met or a domain or fragment thereof as a

given ligand,

(ii) contacting the plurality of muteins with said ligand in
order to allow formation of complexes between said
ligand and muteins having binding affinity for said
ligand, and

(ii1) removing muteins having no or no substantial binding
affinity.

For the generation of c-Met binding tear lipocalin muteins,
any portion (for example, a fragment or single domain) of the
extracellular domains of the human Met receptor tyrosin
kinase (c-Met) or the entire extracellular domains (that com-
prises the N-terminal amino acid residues 1 Methione Threo-
nine 932 of the mature entire receptor (SWISS Prot: P08581)
can be contacted with (the plurality) of muteins that have been
obtained from the expression of the (naive) nucleic acid
library that encodes these muteins. It is possible to use the
commercially available extracellular domains that, for
example are provided as residues 1-932 fused to a Fc region of
a human IgG via a polypeptide linker, for example (R & D
Systems, USA, catalog number 358-MT). Further examples
of fragments of c-Met that can be used for obtaining muteins
described here include, but are not limited to a fragment
consisting of the residues 25 to 567 of Met as described in
Stamos et al., The EMBO Journal Vol. 23, No. 12, 2004, pages
2325-2335 that contain the seven Sema Domains, or larger
fragments that comprise residues 25 to 567. Fragments bind-
ing the SEMA domain can be used, if the muteins of the
invention are supposed to compete with binding of HGF to the
Sema domains. Such muteins may (but do not necessarily
have to have, see examples) antagonists of HGF. It is also
possible to use fragments such as the one comprising residues
568 to 932, if binding to the Sema Domains is to be avoided.
Screening can also be carried out using fragments or other
domains such as the PSI domain or the IgG-like domains of
c-Met. It is also possible to use for screening purposes, for
example, the homolog of the common chimpanzees (pan
troglodytes, 99% identity to human c-Met), the macaca
homolog (macaca mulatta, 98% identity), the canine ortholog
(canis familiaris, 88% identity), the mouse ortholog (SWISS
Prot: A1AS597, 87% identity) or the rat ortholog (rattus nor-
vegicus, 86% identity) instead of the (extracellular domains
of) human c-Met. Such an approach could for example be
taken, if muteins having cross-reactivity between the human
and the mouse or the rat ortholog (or extracellular domains,
for example) would be desired. As it is clear from the above,
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it is possible to generate in the present invention muteins of
tear lipocalin that may have an antagonist action in relation to
HGF. Alternatively, the muteins may have a respective non-
antagonistic binding mode (cf., Examples in this regard).

In one embodiment of the method of the invention, the
selection in step (c) is carried out under competitive condi-
tions. Competitive conditions as used herein means that
selection of muteins can encompass at least one step in which
the muteins and the given non-natural ligand of human tear
lipocalin (target) are brought in contact in the presence of an
additional ligand such as HGF, which competes with binding
of the muteins to the target. This additional ligand may be a
physiological ligand of c-Met such as HGF or any other
non-physiological ligand of the c-Met such as an anti-c-Met
antibody or a small molecule protein tyro sin kinase inhibitor
that binds at least an overlapping or partly overlapping
epitope to the epitope recognized by the muteins of the inven-
tion and thus interferes with target binding of the muteins.
Alternatively, this additional ligand may compete with bind-
ing of the muteins by complexing an epitope distinct from the
binding site of the muteins to c-Met by allosteric effects.

An embodiment of the phage display technique (reviewed
inKay, B. K. etal. (1996), supra; Lowman, H. B. (1997) supra
or Rodi, D. J., and Makowski, L. (1999), supra) using tem-
perent M13 phage is given as an example of a selection
method that can be employed in the present invention.
Another embodiment of the phage display technology that
can be used for selection of muteins of the invention (see the
Experimental Section) is the hyperphage phage technology as
described by Broders et al. (Broders et al. (2003) “Hyperph-
age. Improving antibody presentation in phage display.”
Methods Mol. Biol. 205:295-302). Other temperent phage
such as f1 or lytic phage such as T7 may be employed as well.
For the exemplary selection method, M13 phagemids are
produced which allow the expression of the mutated lipocalin
nucleic acid sequence as a fusion protein with a signal
sequence at the N-terminus, preferably the OmpA-signal
sequence, and with the capsid protein plII of the phage M13
or fragments thereof capable of being incorporated into the
phage capsid at the C-terminus. The C-terminal fragment
ApllI of the phage capsid protein comprising amino acids 217
to 406 of the wild type sequence is preferably used to produce
the fusion proteins. Especially preferred in one embodiment
is a C-terminal fragment of pIII, in which the cysteine residue
at position 201 is missing or is replaced by another amino
acid.

Accordingly, a further embodiment of the methods of the
invention involves operably fusing a nucleic acid coding for
the plurality of muteins of human tear lipocalin and resulting
from mutagenesis at the 3' end with a gene coding for the coat
protein plll ofa filamentous bacteriophage of the M13-family
or for a fragment of this coat protein, in order to select at least
one mutein for the binding of c-Met.

The fusion protein may comprise additional components
such as an affinity tag, which allows the immobilization,
detection and/or purification of the fusion protein or its parts.
Furthermore, a stop codon can be located between the
sequence regions encoding the lipocalin or its muteins and the
phage capsid gene or fragments thereof, wherein the stop
codon, preferably an amber stop codon, is at least partially
translated into an amino acid during translation in a suitable
suppressor strain.

For example, the phasmid vector pTLPC27, now also
called pTlc27 that is described in the International patent
application PCT/EP2007/057971 can be used for the prepa-
ration of a phagemid library encoding human tear lipocalin
muteins. The inventive nucleic acid molecules coding for the
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tear lipocalin muteins can be inserted into the vector using the
two BstXI restriction sites. After ligation a suitable host strain
such as F. coli XL1-Blue is transformed with the resulting
nucleic acid mixture to yield a large number of independent
clones. A respective vector can be generated for the prepara-
tion of a hyperphagemid library, if desired. Alternatively, any
other suitable phagemid vector, such as, for example, the
vector pTLPCS59 that is used in the Examples of the present
application (see Example 1 and FIG. 1) can also be used for
the preparation of the phagemid library. The vector pTLPC59
is identical to the vector pTLc27 with the exception that the
library gene contract for phage display is placed under the
control of alac p/o instead of a tet p/o and is genetically fused
to the full length gene 111 of VCSM13 phage.

The resulting library can be subsequently superinfected in
liquid culture with an appropriate M13-helper phage or
hyperphage in order to produce functional phagemids. The
recombinant phagemid displays the lipocalin mutein on its
surface as a fusion with the coat protein plll or a fragment
thereof, while the N-terminal signal sequence of the fusion
protein is normally cleaved off. On the other hand, it also
bears one or more copies of the native capsid protein plll
supplied by the helper phage and is thus capable of infecting
a recipient, in general a bacterial strain carrying an F- or
F'-plasmid. In case of hyperphage display, the hyperph-
agemids display the lipocalin muteins on their surface as a
fusion with the infective coat protein plII but no native capsid
protein. During or after infection with helper phage or hyper-
phage, gene expression of the fusion protein between the
lipocalin mutein and the capsid protein plll can be induced,
for example by addition of anhydrotetracycline. The induc-
tion conditions are chosen such that a substantial fraction of
the phagemids obtained displays at least one lipocalin mutein
on their surface. In case of hyperphage display induction
conditions result in a population of hyperphagemids carrying
between three and five fusion proteins consisting of the
lipocalin mutein and the capsid protein plIl. Various methods
are known for isolating the phagemids, such as precipitation
with polyethylene glycol. Isolation typically occurs after an
incubation period of 6-8 hours.

Theisolated phasmids can then be subjected to selection by
incubation with the desired target (i.e. the extracellular
domains of c-Met or portions or fragments thereof), wherein
the target is presented in a form allowing at least temporary
immobilization of those phagemids which carry muteins with
the desired binding activity as fusion proteins in their coat.
Among the various embodiments known to the person skilled
in the art, the target can, for example, be conjugated with a
carrier protein such as serum albumin and be bound via this
carrier protein to a protein binding surface, for example poly-
styrene. Microtiter plates suitable for ELISA techniques or
so-called “immuno-sticks” can preferrably be used for such
an immobilization of the target. Alternatively, conjugates of
the target with other binding groups, such as biotin, can be
used. The target can then be immobilized on a surface which
selectively binds this group, for example microtiter plates or
paramagnetic particles coated with streptavidin, neutravidin
or avidin. If the target is fused to an Fc portion of an immu-
noglobulin, immobilization can also be achieved with sur-
faces, for example microtiter plates or paramagnetic par-
ticles, which are coated with protein A or protein G.

Non-specific phagemid-binding sites present on the sur-
faces can be saturated with blocking solutions as they are
known for ELISA methods. The phagemids are then typically
brought into contact with the target immobilized on the sur-
face in the presence of a physiological buffer. Unbound
phagemids are removed by multiple washings. The phagemid
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particles remaining on the surface are then eluted. For elution,
several methods are possible. For example, the phagemids
can be eluted by addition of proteases or in the presence of
acids, bases, detergents or chaotropic salts or under moder-
ately denaturing conditions. A preferred method is the elution
using buffers of pH 2.2, wherein the eluate is subsequently
neutralized. Alternatively, a solution of the free target (i.e. the
extracellular domains of c-Met or portions or fragments
thereof), can be added in order to compete with the immobi-
lized target for binding to the phagemids or target-specific
phagemids can be eluted by competition with immunoglobu-
lins or natural liganding proteins which specifically bind to
the target of interest.

Afterwards, E. coli cells are infected with the eluted
phagemids. Alternatively, the nucleic acids can be extracted
from the eluted phagemids and used for sequence analysis,
amplification or transformation of cells in another manner.
Starting from the E. coli clones obtained in this way, fresh
phagemids or hyperphagemids are again produced by super-
infection with M13 helper phages or hyperphage according to
the method described above and the phagemids amplified in
this way are once again subjected to a selection on the immo-
bilized target. Multiple selection cycles are often necessary in
order to obtain the phagemids with the muteins of the inven-
tion in sufficiently enriched form. The number of selection
cycles is preferably chosen such that in the subsequent func-
tional analysis at least 0.1% of the clones studied produce
muteins with detectable affinity for the given target. Depend-
ing on the size, i.e. the complexity of the library employed, 2
to 8 cycles are typically required to this end.

For the functional analysis of the selected muteins, an E.
coli strain can then be infected with the phagemids obtained
from the selection cycles and the corresponding double
stranded phasmid DNA is isolated. Starting from this phas-
mid DNA, or also from the single-stranded DNA extracted
from the phagemids, the nucleic acid sequences of the
selected muteins of the invention can be determined by the
methods known in the art and the amino acid sequence can be
deduced therefrom. The mutated region or the sequence of the
entire tear lipocalin mutein can be subcloned on another
expression vector and expressed in a suitable host organism.
For example, the vector pTlc26 described in International
Patent Application PCT/EP2007/057971 can be used for
expression in . coli strains such as E. coli TG1. The muteins
of tear lipocalin thus produced can be purified by various
biochemical methods. The tear lipocalin muteins produced,
for example with pTlc26, carry the affinity peptide Strep-
Tag® II (Schmidt et al., supra) at their C-termini and can
therefore preferably be purified by streptavidin affinity chro-
matography.

The selection can also be carried out by means of other
methods. Many corresponding embodiments are known to
the person skilled in the art or are described in the literature.
Moreover, a combination of methods can be applied. For
example, clones selected or at least enriched by “phage dis-
play” can additionally be subjected to “colony screening”.
This procedure has the advantage that individual clones can
directly be isolated with respect to the production of a tear
lipocalin mutein with detectable binding affinity for c-Met or,
for example an extracellar domain of c-Met.

In addition to the use of E. co/i as host organism in the
“phage display” technique or the “colony screening” method,
other bacterial strains, yeast or also insect cells or mammalian
cells can be used for this purpose. Further to the selection of
a tear lipocalin mutein from a random (naive) library as
described above, evolutive methods including limited
mutagenesis can also be applied in order to optimize a mutein
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that already possesses some binding activity for the target
with respect to affinity or specificity for the target after
repeated screening cycles.

Once a mutein with affinity to c-Met or a domain or a
fragment thereof has been selected, it is additionally possible
to subject such a mutein to another mutagenesis in order to
subsequently select variants of even higher affinity or variants
with improved properties such as higher thermostability,
improved serum stability, thermodynamic stability, improved
solubility, improved monomeric behavior, improved resis-
tance against thermal denaturation, chemical denaturation,
proteolysis, or detergents etc. This further mutagenesis,
which in case of aiming at higher affinity can be considered as
in vitro “affinity maturation”, can be achieved by site specific
mutation based on rational design or a random mutation.
Another possible approach for obtaining a higher affinity or
improved properties is the use of error-prone PCR, which
results in point mutations over a selected range of sequence
positions of the lipocalin mutein. The error-prone PCR can be
carried outin accordance with any known protocol such as the
one described by Zaccolo et al. (1996) J. Mol. Biol. 255,
589-603. Other methods of random mutagenesis that are suit-
able for such purposes include random insertion/deletion
(RID) mutagenesis as described by Murakami, H et al. (2002)
Nat. Biotechnol. 20, 76-81 or non homologous random
recombination (NRR) as described by Bittker, J. A et al.
(2002) Nat. Biotechnol. 20, 1024-1029. If desired, affinity
maturation can also be carried out according to the procedure
described in WO 00/75308 or Schlehuber, S. et al., (2000) J.
Mol. Biol. 297, 1105-1120, where muteins of the bilin-bind-
ing protein having high affinity to digoxigenin were obtained.
A further approach for improving the affinity is to carry out
positional saturation mutagenesis. In this approach “small”
nucleic acid libraries can be created in which amino acid
exchanges/mutations are only introduced at single positions
within any of the four loop segments defined here (cf.,
Example 21). These libraries are then directly subjected to a
selection step (affinity screening) without further rounds of
panning. This approach allows the identification of residues
that contribute to improved binding of the desired target and
allows identification of “hot spots” that are important for the
binding. With such an approach the identification of key
residues within the first two segments (sequence positions
24-36 or 56-58) is possible, for example.

In a further aspect, the present invention is directed to a
mutein of human tear lipocalin having detectable binding
affinity to c-Met or a domain or portion thereof, which is
obtainable by or obtained by the above-detailed methods of
the invention.

In one embodiment, the mutein of human tear lipocalin
obtained according to the above methods includes the substi-
tution of at least one or of both of the cysteine residues
occurring at each of the sequences positions 61 and 153 by
another amino acid and the mutation of at least one amino
acid residue at any one of the sequence positions 26-34,
56-58, 80, 83, 104-106, and 108 of the linear polypeptide
sequence of mature human tear lipocalin. The positions 24-36
are comprised in the AB loop, the positions 53-66 are com-
prised in the CD loop, the positions 69-77 are comprised in
the EF loop and the positions 103-110 are comprised in the
GH loop in the binding site at the open end of the p-barrel
structure of tear lipocalin. The definition of these four loops is
used herein in accordance with Flower (Flower, D. R. (1996),
supra and Flower, D. R. et al. (2000), supra). Usually, such a
mutein comprises at least 2,3,4, 5,6, 8,10, 12, 14,15, 16, 17
or 18 mutated amino acid residues at the sequence positions
26-34, 56-58, 80, 83, 104-106, and 108 of the linear polypep-
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tide sequence of mature human tear lipocalin. In a specific
embodiment, the mutein comprises the amino acid substitu-
tions Cys 61—=Ala, Phe, Lys, Arg, Thr, Asn, Tyr, Met, Ser, Pro
or Trp and Cys 153—=Ser or Ala. Such a substitution has
proven useful to prevent the formation of the naturally occur-
ring disulphide bridge linking Cys 61 and Cys 153, and thus
to facilitate handling of the mutein.

In still another embodiment, the mutein comprises at least
one additional amino acid substitution selected from Arg
111—Pro and Lys 114—Trp. A mutein of the invention may
further comprise the cysteine at position 101 of the sequence
of native mature human tear lipocalin substituted by another
amino acid. This substitution may, for example, be the muta-
tion Cys 101—Ser or Cys 101—Thr.

The lipocalin muteins of the invention may comprise the
wild type (natural) amino acid sequence outside the mutated
amino acid sequence positions. On the other hand, the lipoca-
lin muteins disclosed herein may also contain amino acid
mutations outside the sequence positions subjected to
mutagenesis as long as those mutations do not interfere with
the binding activity and the folding of the mutein. Such muta-
tions can be accomplished very easily on DNA level using
established standard methods (Sambrook, J. et al. (1989)
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.).
Possible alterations of the amino acid sequence are insertions
or deletions as well as amino acid substitutions. Such substi-
tutions may be conservative, i.e. an amino acid residue is
replaced with a chemically similar amino acid residue.
Examples of conservative substitutions are the replacements
among the members of the following groups: 1) alanine,
serine, and threonine; 2) aspartic acid and glutamic acid; 3)
asparagine and glutamine; 4) arginine and lysine; 5) isoleu-
cine, leucine, methionine, and valine; and 6) phenylalanine,
tyrosine, and tryptophan. One the other hand, it is also pos-
sible to introduce non-conservative alterations in the amino
acid sequence. In addition, instead of replacing single amino
acidresidues, itis also possible to either insert or delete one or
more continuous amino acids of the primary structure of tear
lipocalin as long as these deletions or insertion result in a
stable folded/functional mutein (see for example, the experi-
mental section in which muteins with truncated N- and C-ter-
minus are generated).

Such modifications of the amino acid sequence include
directed mutagenesis of single amino acid positions in order
to simplify sub-cloning of the mutated lipocalin gene or its
parts by incorporating cleavage sites for certain restriction
enzymes. In addition, these mutations can also be incorpo-
rated to further improve the affinity of a lipocalin mutein for
a given target. Furthermore, mutations can be introduced in
order to modulate certain characteristics of the mutein such as
to improve folding stability, serum stability, protein resis-
tance or water solubility or to reduce aggregation tendency, if
necessary. For example, naturally occurring cysteine residues
may be mutated to other amino acids to prevent disulphide
bridge formation. However, it is also possible to deliberately
mutate other amino acid sequence position to cysteine in
order to introduce new reactive gaups, for example for the
conjugation to other compounds, such as polyethylene glycol
(PEG), hydroxyethyl starch (HES), biotin, peptides or pro-
teins, or for the formation of non-naturally occurring disul-
phide linkages. Exemplary possibilities of such a mutation to
introduce a cysteine residue into the amino acid sequence of
a human tear lipocalin mutein include the substitutions Thr
40—Cys, Glu 73—Cys, Arg 90—Cys, Asp 95—Cys, Lys
121—=Cys, Asn 123—Cys and Glu 131—Cys. The generated
thiol moiety at the side of any of the amino acid positions 40,
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73, 90, 95, 121, 123 and/or 131 may be used to PEGylate or
HESylate the mutein, for example, in order to increase the
serum half-life of a respective tear lipocalin mutein. The
mutein S244.2-HO08 into which a cysteine is introduced at any
these sequence positions (see Example 9) is an illustrative
example of such muteins of the invention. The side chain of
any of the cystein residues can of course be used not only for
conjugation of serum half-life increasing compounds but as
well for conjugation of any wanted conjugation partner such
as an organic molecule, an enzyme label, a toxin, a cystostatic
agent, a pharmaceutically suitable radioactive label, a fluo-
rescent label, a chromogenic label, a luminescent label, a
hapten, digoxigenin, biotin, a metal complexe, a metal or
colloidal gold, to name only a few evocative examples. The
conjugation can be carried out using any convential coupling
method known in the art (see for instance Example 18, in
which the cystein residue can be activated by a reagent such as
Tris[2-carboxyethyl|phosphine (TCEP) or dithiotreitol
(DTT) and then further reacted with a reagent such as 3-N-
maleimido-6-hydraziniumpyridine hydrochloride (HYNIC).

The present invention also encompasses truncated muteins
(i.e. fragments) as defined above, in which for example, the
first four N-terminal amino acid residues of the sequence of
mature human tear lipocalin (His-His-Leu-Leu (SEQ ID NO:
53); positions 1-4) and/or the last two C-terminal amino acid
residues (Ser-Asp; positions 157-158) of the sequence of
mature human tear lipocalin have been deleted (cf. also the
Examples and the attached Sequence Listings).

The lipocalin muteins of the invention are able to bind the
desired target, i.e. c-Met receptor tyrosin kinase or a domain
or fragment thereof with detectable affinity, i.e. with a disso-
ciation constant of at least 200 nM. Presently preferred in
some embodiments are lipocalin muteins, which bind the
desired target with a dissociation constant for a given target of
at least 100, 20, 1 nM or even less. The binding affinity of a
mutein to the desired target can be measured by a multitude of
methods such as fluorescence titration, competition ELISA or
surface plasmon resonance (BlAcore).

It is readily apparent to the skilled person that complex
formation is dependent on many factors such as concentration
of the binding partners, the presence of competitors, ionic
strength of the buffer system etc. Selection and enrichment is
generally performed under conditions allowing the isolation
of lipocalin muteins having, in complex with the desired
target (c-Met or a domain or fragment thereof), a dissociation
constant of at least 200 nM. However, the washing and elution
steps can be carried out under varying stringency. A selection
with respect to the kinetic characteristics is possible as well.
For example, the selection can be performed under condi-
tions, which favor complex formation of the target with
muteins that show a slow dissociation from the target, or in
other words a low k, ; rate. Alternatively, selection can be
performed under conditions, which favour fast formation of
the complex between the mutein and the target, or in other
words a high k_, rate. As a further illustrative alternative, the
screening can be performed under conditions that select for
improved thermostability of the muteins (compared to either
wild type tear lipocalin or a mutein that already has affinity
towards a pre-selected target) or for a pH stability of the
mutein.

A tear lipocalin mutein of the invention typically exists as
monomeric protein. However, it is also possible that an inven-
tive lipocalin mutein is able to spontaneously dimerise or
form higher oligomers. Although the use of lipocalin muteins
that form stable monomers may be preferred for some appli-
cations, e.g. because of faster diffusion and better tissue pen-
etration, the use of lipocalin muteins that spontaneously form
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stable homodimers or multimers may be advantageous in
other instances, since such multimers can provide for a (fur-
ther) increased affinity and/or avidity to a given target. Fur-
thermore, oligomeric forms of the lipocalin mutein may have
slower dissociation rates or prolonged serum half-life. If
dimerisation or multimerization of muteins that form stable
monomers is desired, this can for example be achieved by
fusing respective oligomerization domains such as jun-fos
domains or leucin-zippers to muteins of the invention or by
the use of “Duocalins” (see also below).

A tear lipocalin mutein of the invention may be used for
complex formation with c¢-Met or a domain or fragment
thereof, for example, in vitro, for ex vivo diagnostic purposes
or in vivo, for therapeutic purposes.

In general, the term “fragment”, as used herein with respect
to c-Met, relates to N-terminally and/or C-terminally short-
ened protein or peptide ligands, which retain the capability of
the full length ligand to be recognized and/or bound by a
mutein according to the invention. The term “domain” in
relation to c-Met is to be understood in accordance with the
regular meaning used in the art. For example, the term
“domain” comprise the sema domains as structurally defined
by Stamos et al., The EMBO Journal, Vol. 23, pages 2325-
2335, 2004 (see for example, FIG. 3a or FIG. 4 of Stamos et
al.), the PSI domain, the IgG-like domains, the transmem-
brane domain or also the tyrosine kinase domain as structur-
ally defined by Schiering et al., Proc. Natl. Acad. Sci USA,
Vol. 100, No. 22, pahes 12654-12659, 2003). The term
“domain” also comprises the entire extracellular portion of
c-Met formed by residues Metl to Thr 932 of the full length
receptor protein or truncated fragments formed, for example,
by residues 2, 3,4, 5, 6 to residues 920, 925, 930 or 931 ofthe
full length receptor. As mentioned above, by use of for
example, the entire extracellular domains or only some of the
extracellular domains, for example, the sema domains, it is
possible to generate either muteins that bind to the HGF
binding site (and then possibly have an antagonist binding
mode with respect to HGF) or also muteins that have a non-
antagonist binding mode in relation to HGF binding.

In this context it is also noted that the complex formation
between the respective mutein and c-Met or a domain or
fragment thereof is influenced by many different factors such
as the concentrations of the respective binding partners, the
presence of competitors, pH and the ionic strength of the
buffer system used, and the experimental method used for
determination of the dissociation constant K, (for example
fluorescence titration, competition ELISA or surface plas-
mon resonance, just to name a few) or even the mathematical
algorithm which is used for evaluation of the experimental
data.

Therefore, it is also clear to the skilled person that the K,
values (dissociation constant of the complex formed between
the respective mutein and its ligand) given here may vary
within a certain experimental range, depending on the method
and experimental setup that is used for determining the affin-
ity of a particular lipocalin mutein for a given ligand. This
means, there may be a slight deviation in the measured K,
values or a tolerance range depending, for example, on
whether the K, value was determined by surface plasmon
resonance (Biacore) or by competition ELISA.

In a specific embodiment of the invention a tear lipcalin
mutein comprises with respect to the amino acid sequence of
mature human tear lipocalin at least 6, 8, 10, 12, 14, 16 or 17
amino acid substitutions with respect to the amino acid
sequence of mature human tear lipocalin, which are selected
from the group consisting of Arg 26—Thr, Val, Pro, Ser, Gly;
Glu 27—Gln, Gly, Val, Ser; Phe 28—Met, Asp; Pro 29—Leu,
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Ile, Ala, Trp; Glu 30—Leu, Gly, Arg, Phe; Met 31—=Ser; Asn
32—Leu, Arg, Val, Gln; Leu 33—Tyr, Val, lle, Thr, Phe; Glu
34—Val, Arg, Ala; Leu 56—Asn; lle 57—Gln; Ser 58—1le,
Val; Asp 80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu
105—Thr; His 106—Trp; and Lys 108—Gly SEQ ID NO:
56).

In one more specific embodiment, a mutein of the invention
further comprising at least one amino acid substitution
selected from the group consisting of Thr 37—Ser; Met
39—=1le, Leu; Asn48—Ser; Lys 52—Thr, Met; Met 55—Leu;
Lys 65— Arg, Leu; Ala 79—Leu, Ser; Ala 86—Thr; and Ile
89—Ser, Gln, Thr, His (SEQ ID NO: 58).

In another more specific embodiment a mutein comprises
the amino acid substitutions: Arg 26—Thr; Glu 27—Gln; Glu
30—=Leu; Met 31—=Ser; Asn 32—Leu; Leu 33—Tyr; Glu
34—Val; Leu 56—Asn; Ile 57—=Gln; Asp 80—Tyr; Lys
83—Ala; Glu 104—Asp; Leu 105—Thr; His 106—Trp; and
Lys 108—Gly (SEQ ID NO: 59).

In still another more specific embodiment of the invention,
a mutein of the invention comprises the amino acid substitu-
tions: Met 31—=Ser; Leu 56—=Asn; Ile 57—Gln; Asp
80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu 105—Thr; His
106—Trp; and Lys 108—Gly (SEQ ID NO: 60).

In other embodiments, a mutein of the invention may com-
prise one of the following sets of amino acid substitutions:

(1) Arg 26—Thr; Glu 27—+Gln; Phe 28—Met; Glu
30—Leu; Met 31—=Ser; Asn 32—Leu; Leu 33—Tyr;
Glu 34—Val; Leu 56—Asn; Ile 57—Gln; Ser 58—Ile;
Asp 80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu
105—Thr; His 106—Trp; and Lys 108—Gly (SEQ ID
NO: 62);

(2) Arg 26—Thr; Glu 27—Gln; Phe 28—Asp; Glu
30—Leu; Met 31—=Ser; Asn 32—Leu; Leu 33—Tyr;
Glu 34—Val; Leu 56— Asn; Ile 57—Gln; Ser 58—=Val;
Asp 80 Tyr; Lys 83—=Ala; Glu 104—Asp; Leu
105—Thr; His 106—Trp; and Lys 108—Gly SEQ ID
NO: 63);

(3) Arg 26—Thr; Glu 27—Gln; Phe 28—Asp; Glu
30—Leu; Met 31—=Ser; Asn 32—Leu; Leu 33—Tyr;
Glu 34—Val; Leu 56—Asn; Ile 57—Gln; Ser 58—Ile;
Asp 80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu
105—Thr; His 106—Trp; and Lys 108—Gly (SEQ ID
NO: 64);

(4) Arg 26—=Val; Glu 27—=Gly; Phe 28—Asp; Pro
29—Leu; Glu 30—=Gly; Met 31—=Ser; Asn 32—Arg;
Leu 33—Val; Glu 34—Val; Leu 56—Asn; Ile 57—Gln;
Ser 58—=1le; Asp 80—Tyr; Lys 83—Ala; Glu 104—Asp;
Leu 105—Thr; His 106—Trp; and Lys 108—Gly (SEQ
ID NO: 65);

(5)Arg 26—Pro; Glu 27—=Gly; Phe 28— Asp; Pro 29—1le;
Glu 30—Arg; Met 31—Ser; Asn32—Leu; Leu33—lle;
Glu 34—Val; Leu 56—Asn; Ile 57—Gln; Ser 58—Ile;
Asp 80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu
105—Thr; His 106—Trp; and Lys 108—Gly (SEQ ID
NO: 66);

(6) Arg 26—Ser; Phe 28—=Asp; Pro 29—Ala; Glu
30—Phe; Met 31—=Ser; Asn 32—Val; Leu33—Thr; Glu
34—Val; Leu 56—Asn; Ile 57—Gln; Ser 58—1le; Asp
80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu 105—Thr;
His 106—Trp; and Lys 108—Gly SEQ ID NO: 67);

(7) Arg 26—Val; Glu 27—Val; Phe 28— Asp; Pro 29—Trp;
Glu 30—Arg; Met 31—=Ser; Asn 32—Gln; Leu
33—Val; Glu 34—Arg; Leu 56—Asn; lle 57—Gln; Ser
58 Ile; Asp 80—Tyr; Lys 83—Ala; Glu 104—Asp; Leu
105—Thr; His 106—Trp; and Lys 108—Gly (SEQ ID
NO: 68); and
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(8) Arg 26—=Gly; Glu 27—Ser; Phe 28—Asp; Pro
29—Trp; Met 31—=Ser; Asn 32—Val; Leu 33—Phe; Glu
34—Ala; Leu 56—Asn; Ile 57—Gln; Ser 58—1le; Asp
80—Tyr; Lys 83 Ala; Glu 104—Asp; Leu 105—Thr; His
106—Trp; and Lys 108—Gly SEQ ID NO: 69).

The human tear lipocalin mutein binding c-Met or a
domain or fragment thereof may comprise, consists essen-
tially of or consist of any one of the amino acid sequences set
forth in any one of SEQ ID No.: 1, SEQ ID NO: 4-9, SEQ ID
NO: 22-26, or SEQ ID NO: 32-35 and 37-49 or of a fragment
or variant thereof. In one embodiment, the mutein according
to the invention comprises, consists essentially of or consists
of'the amino acid sequence set forthin SEQ IDNO: 1,4, 5,6,
7,8,9,2210 26,32 t0 35, or 42 to 49 or a fragment or variant
thereof. In this regard, it is noted that all of the muteins
disclosed herein can be linked, either N- or C-terminal to a
affinity tag such as pentahistidine tag (SEQ ID NO: 54), a
hexahistidine tag (SEQ ID NO: 55) or a Streptag® (cf. SEQ
1D Nos: 37 to 41, for example, in which a hexahistidine tag
(SEQ ID NO: 55) is fused to the C-terminus of the muteins).
Thus, the present application encompasses also all explicitly
and generic described muteins equipped with such tags.

The term “fragment” as used in the present invention in
connection with the muteins of the invention relates to pro-
teins or peptides derived from full-length mature human tear
lipocalin that are N-terminally and/or C-terminally short-
ened, i.e. lacking at least one of the N-terminal and/or C-ter-
minal amino acids. Such fragments comprise preferably at
least 10, more preferably 20, most preferably 30 or more
consecutive amino acids of the primary sequence of mature
human tear lipocalin and are usually detectable in an immu-
noassay of mature human tear lipocalin.

The term “variant” as used in the present invention relates
to derivatives of a protein or peptide that comprise modifica-
tions of the amino acid sequence, for example by substitution,
deletion, insertion or chemical modification. Preferably, such
modifications do not reduce the functionality of the protein or
peptide. Such variants include proteins, wherein one or more
amino acids have been replaced by their respective D-stere-
oisomers or by amino acids other than the naturally occurring
20 amino acids, such as, for example, ornithine, hydroxypro-
line, citrulline, homoserine, hydroxylysine, norvaline. How-
ever, such substitutions may also be conservative, i.e. an
amino acid residue is replaced with a chemically similar
amino acid residue. Examples of conservative substitutions
are the replacements among the members of the following
groups: 1) alanine, serine, and threonine; 2) aspartic acid and
glutamic acid; 3) asparagine and glutamine; 4) arginine and
lysine; 5) isoleucine, leucine, methionine, and valine; and 6)
phenylalanine, tyrosine, and tryptophan.

In this context, it is noted that the muteins of the invention
have been found to be stable within a large pH range from
about pH 2.5 to about pH 9.5, for example, within a pH in the
range of about pH 3.0 to about pH 9.2.

Also included in the scope of the present invention are the
above muteins, which have been altered with respect to their
potential immunogenicity.

Cytotoxic T-cells recognize peptide antigens on the cell
surface of an antigen-presenting cell in association with a
class I major histocompatibility complex (MHC) molecule.
The ability of the peptides to bind to MHC molecules is allele
specific and correlates with their immunogenicity. In order to
reduce immunogenicity of a given protein, the ability to pre-
dict which peptides in a protein have the potential to bind to a
given MHC molecule is of great value. Approaches that
employ a computational threading approach to identify
potential T-cell epitopes have been previously described to
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predict the binding of a given peptide sequence to MHC class
Imolecules (Altuvia et al. (1995) J. Mol. Biol. 249: 244-250).

Such an approach may also be utilized to identify potential
T-cell epitopes in the muteins of the invention and to make
depending on its intended use a selection of a specific mutein
on the basis of its predicted immunogenicity. It may be fur-
thermore possible to subject peptide regions which have been
predicted to contain T-cell epitopes to additional mutagenesis
to reduce or eliminate these T-cell epitopes and thus minimize
immunogenicity. The removal of amphipathic epitopes from
genetically engineered antibodies has been described (Mateo
etal. (2000) Hybridoma 19(6):463-471) and may be adapted
to the muteins of the present invention. The muteins thus
obtained may possess a minimized immunogenicity, which is
desirable for their use in therapeutic and diagnostic applica-
tions, such as those described below.

For some applications, it is also useful to employ the
muteins of the invention in a conjugated form. Accordingly,
the invention is also directed to lipocalin muteins which are
conjugated to a conjungation partner that may be selected
from the group consisting of an enzyme label, a colored label,
a cytostatic agent, a label that can be photoactivated and
which is suitable for use in photodynamic therapy, haptens,
digoxigenin, biotin, a chermatherapeutic metal, or a chemo-
therapeutic metal, and colloidal gold. The mutein may also be
conjugated to an organic drug molecule. The term “organic
molecule” as used herein preferably denotes an organic mol-
ecule comprising at least two carbon atoms, but preferably
not more than 7 or 12 rotatable carbon bonds, having a
molecular weight in the range between 100 and 2000 Dalton,
preferably between 100 and 1000 Dalton, and optionally
including one or two metal atoms.

In general, it is possible to label a tear lipocalin mutein
described herein with any appropriate chemical substance or
enzyme, which directly or indirectly generates a detectable
compound or signal in a chemical, physical, optical, or enzy-
matic reaction. An example for a physical reaction and at the
same time optical reaction/marker is the emission of fluores-
cence upon irradiation. Alkaline phosphatase, horseradish
peroxidase or -galactosidase are examples of enzyme labels
(and at the same time optical labels) which catalyze the for-
mation of chromogenic reaction products. In general, all
labels commonly used for antibodies (except those exclu-
sively used with the sugar moiety in the Fc part of immuno-
globulins) can also be used for conjugation to the muteins of
the present invention. The muteins of the invention may also
be conjugated with any suitable therapeutically active agent,
e.g., for the targeted delivery of such agents to a given cell,
tissue or organ or for the selective targeting of cells, e.g., of
tumor cells without affecting the surrounding normal cells.
Examples of such therapeutically active agents include radio-
nuclides, toxins, small organic molecules, and therapeutic
peptides (such as peptides acting as agonists/antagonists of a
cell surface receptor or peptides competing for a protein
binding site on a given cellular target). Examples of suitable
toxins include, but are not limited to pertussis-toxin, diphthe-
ria toxin, ricin, saporin, pseudomonas exotoxin, calicheami-
cin or a derivative thereof, a taxoid, a maytansinoid, a tubul-
ysin or a dolastatin analogue. The dolastatin analogue may be
auristatin E, monomethylauristatin E, auristatin PYE and
auristatin PHE. Examples of cytostatic agent include, but are
not limited to Cisplatin, Carboplatin, Oxaliplatin, 5-Fluorou-
racil, Taxotere (Docetaxel), Paclitaxel, Anthracycline (Doxo-
rubicin), Methotrexate, Vinblastin, Vincristine, Vindesine,
Vinorelbine, Dacarbazine, Cyclophosphamide, Etoposide,
Adriamycine, Camptotecine, Combretatastin A-4 related
compounds, sulfonamides, oxadiazolines, benzo[b]thiophe-
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nessynthetic spiroketal pyrans, monotetrahydrofuran com-
pounds, curacin and curacin derivatives, methoxyestradiol
derivatives and Leucovorin. The lipocalin muteins of the
invention may also be conjugated with therapeutically active
nucleic acids such as antisense nucleic acid molecules, small
interfering RNAs, micro RNAs or ribozymes. Such conju-
gates can be produced by methods well known in the art.

In one embodiment, the muteins of the invention may also
be coupled to a targeting moiety that targets a specific body
region in order to deliver the inventive muteins to a desired
region or area within the body. One example wherein such
modification may be desirable is the crossing of the blood-
brain-barrier. In order to cross the blood-brain barrier, the
muteins of the invention may be coupled to moieties that
facilitate the active transport across this barrier (see Gaillard
P J, e al., Diphtheria-toxin receptor-targeted brain drug deliv-
ery. International Congress Series, 2005 1277:185-198 or
Gaillard P J; e al. Targeted delivery across the blood-brain
barrier. Expert Opin Drug Deliv. 2005 2(2): 299-309. Such
moieties are for example available under the trade name
2B-Trans™ (t0-BBB technologies BV, Leiden, N ).

As indicated above, a mutein of the invention may in some
embodiments be conjugated to a moiety that extends the
serum half-life of the mutein (in this regard see also Interna-
tional Patent Application PCT/EP2007/057971 or also PCT
publication WO 2006/56464 where such conjugation strate-
gies are described with references to muteins of human neu-
trophile gelatinase-associated lipocalin with binding affinity
for CTLLA-4). The moiety that extends the serum half-life may
be a polyalkylene glycol molecule, hydroxyethyl starch, fatty
acid molecules, such as palmitic acid (Vajo & Duckworth
2000, Pharmacol. Rev. 52, 1-9), an Fc part of an immunoglo-
bulin, a CH3 domain of an immunoglobulin, a CH4 domain of
an immunoglobulin, albumin or a fragment thereof, an albu-
min binding peptide, an albumin binding protein, an IgG-Fc-
binding protein, or a transferrin to name only a few. The
albumin binding protein may be a bacterial albumin binding
protein, an antibody, an antibody fragment including domain
antibodies (see U.S. Pat. No, 6,696,245, for example), a
lipocalin mutein or another protein or protein domain with
binding activity for albumin. Accordingly, suitable conjuga-
tion partners for extending the half-life of a lipocalin mutein
of the invention include albumin (Osborn, B. L. et al. (2002)
Pharmacokinetic and pharmacodynamic studies of a human
serum albumin-interferon-alpha fusion protein in cynomol-
gus monkeys J. Pharmacol. Exp. Ther. 303, 540-548), or an
albumin binding protein, for example, a bacterial albumin
binding domain, such as the one of streptococcal protein G
(Konig, T. and Skerra, A. (1998) Use of an albumin-binding
domain for the selective immobilisation of recombinant cap-
ture antibody fragments on ELISA plates. J. Immunol. Meth-
ods 218, 73-83). Other examples of albumin binding peptides
that can be used as conjugation partner are, for instance, those
having a Cys-Xaa,;-Xaa,-Xaa;-Xaa,-Cys consensus
sequence, wherein Xaa, is Asp, Asn, Ser, Thr, or Trp; Xaa, is
Asn, Gln, His, Ile, Leu, or Lys; Xaa, is Ala, Asp, Phe, Trp, or
Tyr; and Xaa, is Asp, Gly, Leu, Phe, Ser, or Thr as described
in US patent application 2003/0069395 or Dennis et al. (Den-
nis, M. S., Zhang, M., Meng, Y. G., Kadkhodayan, M., Kirch-
hofer, D., Combs, D. & Damico, L. A. (2002). ..Albumin
binding as a general strategy for improving the pharmacoki-
netics of proteins.” J Biol Chem 277, 35035-35043).

In other embodiments, albumin itself or a biological active
fragment of albumin can be used as conjugation partner of a
lipocalin mutein of the invention. The term “albumin” com-
prises all mammal albumins such as human serum albumin or
bovine serum albumin or rat albumin. The albumin or frag-
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ment thereof can be recombinantly produced as described in
U.S. Pat. No. 5,728,553 or European patent applications EP O
330 451 and EP 0 361 991. Recombinant human albumin
(Recombumin®) Novozymes Delta Ltd. (Nottingham, UK)
can be conjugated or fused to a lipocalin mutein in order to
extend the half-life of the mutein.

If the albumin-binding protein is an antibody fragment it
may be a domain antibody. Domain Antibodies (dAbs) are
engineered to allow precise control over biophysical proper-
ties and in vivo half-life to create the optimal safety and
efficacy product profile. Domain Antibodies are for example
commercially available from Domantis Ltd. (Cambridge, UK
and MA, USA).

Using transferrin as a moiety to extend the serum half-life
of'the muteins of the invention, the muteins can be genetically
fused to the N or C terminus, or both, of non-glycosylated
transferrin. Non-glycosylated transferrin has a half-life of
14-17 days, and a transferrin fusion protein will similarly
have an extended half-life. The transferrin carrier also pro-
vides high bioavailability, biodistribution and circulating sta-
bility. This technology is commercially available from BioR-
exis (BioRexis Pharmaceutical Corporation, PA., USA).
Recombinant human transferrin (DeltaFerrin™) for use as a
protein stabilizer/half-life extension partner is also commer-
cially available from Novozymes Delta Ltd. (Nottingham,
UK).

Ifan Fc part of an immunoglobulin is used for the purpose
to prolong the serum half-life of the muteins of the invention,
the SynFusion™ technology, commercially available from
Syntonix Pharmaceuticals, Inc (MA, USA), may be used. The
use of this Fe-fusion technology allows the creation of longer-
acting biopharmaceuticals and may for example consist of
two copies of the mutein linked to the Fc region of an antibody
to improve pharmacokinetics, solubility, and production effi-
ciency.

Yet another alternative to prolong the half-life of a mutein
ofthe invention is to fuse to the N- or C-terminus of a mutein
of the invention long, unstructured, flexible glycine-rich
sequences (for example poly-glycine with about 20 to 80
consecutive glycine residues). This approach disclosed in
WO02007/038619, for example, has also been term “rPEG”
(recombinant PEG).

If polyalkylene glycol is used as conjugation partner, the
polyalkylene glycol can be substituted, unsubstituted, linear
or branched. It can also be an activated polyalkylene deriva-
tive. Examples of suitable compounds are polyethylene gly-
col (PEG) molecules as described in WO 99/64016, in U.S.
Pat. No. 6,177,074 orin U.S. Pat. No. 6,403,564 in relation to
interferon, or as described for other proteins such as PEG-
modified asparaginase, PEG-adenosine deaminase (PEG-
ADA) or PEG-superoxide dismutase (see for example, Fuert-
ges et al. (1990) The Clinical Efficacy of Poly(Ethylene
Glycol)-Modified Proteins J. Control. Release 11, 139-148).
The molecular weight of such a polymer, preferrably poly-
ethylene glycol, may range from about 300 to about 70.000
Dalton, including, for example, polyethylene glycol with a
molecular weight of about 10.000, of about 20.000, of about
30.000 or of about 40.000 Dalton. Moreover, as e.g. described
in U.S. Pat. No. 6,500,930 or 6,620,413, carbohydrate oligo-
and polymers such as starch or hydroxyethyl starch (HES)
can be conjugated to a mutein of the invention for the purpose
of serum half-life extension.

Ifone of the above moieties is conjugated to the human tear
lipocalin mutein of the invention, conjugation to an amino
acid side chain can be advantageous. Suitable amino acid side
chains may occur naturally in the amino acid sequence of
human tear lipocalin or may be introduced by mutagenesis. In
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case a suitable binding site is introduced via mutagenesis, one
possibility is the replacement of an amino acid at the appro-
priate position by a cysteine residue. In one embodiment,
such mutation includes at least one of Thr 40—=Cys, Glu
73—Cys, Arg 90—Cys, Asp 95—=Cys, Lys 121—=Cys, Asn
123—Cys or Glu Cys substitution (SEQ ID NO: 70). The
newly created cysteine residue at any of these positions can in
the following be utilized to conjugate the mutein to moiety
prolonging the serum half-life of the mutein, such as PEG or
an activated derivative thereof.

In another embodiment, in order to provide suitable amino
acid side chains for conjugating one of the above moieties to
the muteins of the invention artificial amino acids may be
introduced by mutagenesis. Generally, such artificial amino
acids are designed to be more reactive and thus to facilitate the
conjugation to the desired moiety. One example of such an
artificial amino acid that may be introduced via an artificial
tRNA is para-acetyl-phenylalanine.

For several applications of the muteins disclosed herein it
may be advantageous to use them in the form of fusion pro-
teins. In some embodiments, the inventive human tear lipoca-
lin mutein is fused at its N-terminus or its C-terminus to a
protein, a protein domain or a peptide such as a signal
sequence and/or an affinity tag.

For pharmaceutical applications a mutein of the invention
may be fused to a fusion partner that extends the in vivo serum
half-life of the mutein (see again PCT publication WO 2006/
56464 where suitable fusion partner are described with ref-
erences to muteins of human neutrophile gelatinase-associ-
ated lipocalin with binding affinity for CTLA-4). Similar to
the conjugates described above, the fusion partner may be an
Fc part of an immunoglobulin, a CH3 domain of an immu-
noglobulin, a CH4 domain of an immunoglubolin, albumin,
an albumin binding peptide or an albumin binding protein, to
name only a few. Again, the albumin binding protein may be
a bacterial albumin binding protein or a lipocalin mutein with
binding activity for albumin. Accordingly, suitable fusion
partners for extending the half-life of a lipocalin mutein of the
invention include albumin (Osborn, B. L. et al. (2002) supra
J. Pharmacol. Exp. Ther. 303, 540-548), or an albumin bind-
ing protein, for example, a bacterial albumin binding domain,
such as the one of streptococcal protein G (Koénig, T. and
Skerra, A. (1998) supra J. Immunol. Methods 218, 73-83).
The albumin binding peptides described in Dennis et al, supra
(2002) or US patent application 2003/0069395 having a Cys-
Xaa,-Xaa,-Xaa;-Xaa,-Cys consensus sequence, wherein
Xaa, is Asp, Asn, Ser, Thr, or Trp; Xaa, is Asn, Gln, His, Ile,
Leu, or Lys; Xaa, is Ala, Asp, Phe, Trp, or Tyr; and Xaa, is
Asp, Gly, Leu, Phe, Ser, or Thr can also be used as fusion
partner. It is also possible to use albumin itself or a biological
active fragment of albumin as fusion partner of a lipocalin
mutein of the invention. The term “albumin” comprises all
mammal albumins such as human serum albumin or bovine
serum albumin or rat serum albumin. The recombinant pro-
duction of albumin or fragments thereof is well known in the
art and for example described in U.S. Pat. No. 5,728,553,
European patent application EP 0 330 451 or EP 0 361 991.

The fusion partner may confer new characteristics to the
inventive lipocalin mutein such as enzymatic activity or bind-
ing affinity for other molecules. Examples of suitable fusion
proteins are alkaline phosphatase, horseradish peroxidase,
gluthation-S-transferase, the albumin-binding domain of pro-
tein G, protein A, antibody fragments, oligomerization
domains, lipocalin muteins of same or different binding
specificity (which results in the formation of “Duocalins”, cf.
Schlehuber, S., and Skerra, A. (2001), Duocalins, engineered
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ligand-binding proteins with dual specificity derived from the
lipocalin fold Biol. Chem. 382, 1335-1342) or toxins.

In particular, it may be possible to fuse a lipocalin mutein
of the invention with a separate enzyme active site such that
both “components” of the resulting fusion protein together
act on a given therapeutic target. The binding domain of the
lipocalin mutein attaches to the disease-causing target, allow-
ing the enzyme domain to abolish the biological function of
the target.

Affinity tags such as the Strep-Tag® or Strep-Tag® 11
(Schmidt, T. G. M. et al. (1996) J. Mol. Biol. 255, 753-766),
the myc-tag, the FLLAG-tag, the His6-tag (SEQ ID NO: 55) or
the HA-tag or proteins such as glutathione-S-transferase also
allow easy detection and/or purification of recombinant pro-
teins are further examples of preferred fusion partners.
Finally, proteins with chromogenic or fluorescent properties
such as the green fluorescent protein (GFP) or the yellow
fluorescent protein (YFP) are suitable fusion partners for a
lipocalin mutein of the invention as well.

The term “fusion protein” as used herein also comprises
lipocalin muteins according to the invention containing a
signal sequence. Signal sequences at the N-terminus of a
polypeptide direct this polypeptide to a specific cellular com-
partment, for example the periplasm of E. coli or the endo-
plasmatic reticulum of eukaryotic cells. A large number of
signal sequences is known in the art. A preferred signal
sequence for secretion a polypeptide into the periplasm of £.
coli is the OmpA-signal sequence.

The present invention also relates to nucleic acid molecules
(DNA and RNA) comprising nucleotide sequences coding for
muteins as described herein. Since the degeneracy of the
genetic code permits substitutions of certain codons by other
codons specifying the same amino acid, the invention is not
limited to a specific nucleic acid molecule encoding a mutein
of the invention but includes all nucleic acid molecules com-
prising nucleotide sequences encoding a functional mutein.

Therefore, the present invention also includes a nucleic
acid sequence encoding a mutein according to the invention
comprising a mutation at at least one codon of any of the
amino acid sequence positions 26-34, 56-58, 80, 83, 104-106
and 108 of the linear polypeptide sequence of native mature
human tear lipocalin, wherein the codons encoding at least
one of the cysteine residues at sequence positions 61 and 153
of' the linear polypeptide sequence of the mature human tear
lipocalin have been mutated to encode any other amino acid
residue.

The invention as disclosed herein also includes nucleic
acid molecules encoding tear lipocalin muteins, which com-
prise additional mutations outside the indicated sequence
positions of experimental mutagenesis. Such mutations are
often tolerated or can even prove to be advantageous, for
example if they contribute to an improved folding efficiency,
serum stability, thermal stability or ligand binding affinity of
the mutein.

A nucleic acid molecule disclosed in this application may
be “operably linked” to a regulatory sequence (or regulatory
sequences) to allow expression of this nucleic acid molecule.

A nucleic acid molecule, such as DNA, is referred to as
“capable of expressing a nucleic acid molecule” or capable
“to allow expression of a nucleotide sequence” if it comprises
sequence elements which contain information regarding to
transcriptional and/or translational regulation, and such
sequences are “operably linked” to the nucleotide sequence
encoding the polypeptide. An operable linkage is a linkage in
which the regulatory sequence elements and the sequence to
be expressed are connected in a way that enables gene expres-
sion. The precise nature of the regulatory regions necessary
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for gene expression may vary among species, but in general
these regions comprise a promoter which, in prokaryotes,
contains both the promoter per se, i.e. DNA elements direct-
ing the initiation of transcription, as well as DNA elements
which, when transcribed into RNA, will signal the initiation
of translation. Such promoter regions normally include 5'
non-coding sequences involved in initiation of transcription
and translation, such as the —=35/-10 boxes and the Shine-
Dalgarno element in prokaryotes or the TATA box, CAAT
sequences, and 5'-capping elements in eukaryotes. These
regions can also include enhancer or repressor elements as
well as translated signal and leader sequences for targeting
the native polypeptide to a specific compartment of a host
cell.

In addition, the 3' non-coding sequences may contain regu-
latory elements involved in transcriptional termination, poly-
adenylation or the like. If, however, these termination
sequences are not satisfactory functional in a particular host
cell, then they may be substituted with signals functional in
that cell.

Therefore, a nucleic acid molecule of the invention can
include a regulatory sequence, preferably a promoter
sequence. In another preferred embodiment, a nucleic acid
molecule of the invention comprises a promoter sequence and
a transcriptional termination sequence. Suitable prokaryotic
promoters are, for example, the tet promoter, the lacUVS
promoter or the T7 promoter. Examples of promoters useful
for expression in eukaryotic cells are the SV40 promoter or
the CMV promoter.

The nucleic acid molecules of the invention can also be part
of a vector or any other kind of cloning vehicle, such as a
plasmid, a phagemid, a phage, a baculovirus, a cosmid or an
artificial chromosome.

In one embodiment, the nucleic acid molecule is comprised
in a phasmid. A phasmid vector denotes a vector encoding the
intergenic region of a temperent phage, such as M13 or f1, or
a functional part thereof fused to the cDNA of interest. After
superinfection of the bacterial host cells with such an
phagemid vector and an appropriate helper phage (e.g.
M13K07, VCS-M13 or R408) intact phage particles are pro-
duced, thereby enabling physical coupling of the encoded
heterologous cDNA to its corresponding polypeptide dis-
played on the phage surface (reviewed, e.g., in Kay, B. K. et
al. (1996) Phage Display of Peptides and Proteins—A Labo-
ratory Manual, 1st Ed., Academic Press, New York N.Y.;
Lowman, H. B. (1997) Annu. Rev. Biophys. Biomol. Struct.
26, 401-424, or Rodji, D. I., and Makowski, L. (1999) Curr.
Opin. Biotechnol. 10, 87-93).

Such cloning vehicles can include, aside from the regula-
tory sequences described above and a nucleic acid sequence
encoding a lipocalin mutein of the invention, replication and
control sequences derived from a species compatible with the
host cell that is used for expression as well as selection mark-
ers conferring a selectable phenotype on transformed or
transfected cells. Large numbers of suitable cloning vectors
are known in the art, and are commercially available.

The DNA molecule encoding lipocalin muteins of the
invention, and in particular a cloning vector containing the
coding sequence of such a lipocalin mutein can be trans-
formed into a host cell capable of expressing the gene. Trans-
formation can be performed using standard techniques (Sam-
brook, J. et al. (1989), supra). Thus, the invention is also
directed to a host cell containing a nucleic acid molecule as
disclosed herein.

The transformed host cells are cultured under conditions
suitable for expression of the nucleotide sequence encoding a
fusion protein of the invention. Suitable host cells can be
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prokaryotic, such as Escherichia coli (E. coli) or Bacillus
subtilis, or eukaryotic, such as Saccharomyces cerevisiae,
Pichia pastoris, SF9 or HighS insect cells, immortalized
mammalian cell lines (e.g. HeLa cells or CHO cells) or pri-
mary mammalian cells

The invention also relates to a method for the production of
a mutein of the invention, wherein the mutein, a fragment of
the mutein or a fusion protein of the mutein and another
polypeptide is produced starting from the nucleic acid coding
for the mutein by means of genetic engineering methods. The
method can be carried out in vivo, the mutein can for example
be produced in a bacterial or eucaryotic host organism and
then isolated from this host organism or its culture. It is also
possible to produce a protein in vitro, for example by use of an
in vitro translation system.

When producing the mutein in vivo a nucleic acid encoding
amutein of the invention is introduced into a suitable bacterial
or eukaryotic host organism by means of recombinant DNA
technology (as already outlined above). For this purpose, the
host cell is first transformed with a cloning vector comprising
a nucleic acid molecule encoding a mutein of the invention
using established standard methods (Sambrook, J. et al.
(1989), supra). The host cell is then cultured under condi-
tions, which allow expression of the heterologous DNA and
thus the synthesis of the corresponding polypeptide. Subse-
quently, the polypeptide is recovered either from the cell or
from the cultivation medium.

In some tear lipocalin muteins of the invention, the natu-
rally occurring disulfide bond between Cys 61 and Cys 153 is
removed. Accordingly, such muteins (or any other tear lipoca-
lin mutein that does not comprise an intramolecular disulfide
bond) can be produced in a cell compartment having a reduc-
ing redox milieu, for example, in the cytoplasma of Gram-
negative bacteria. In case a lipocalin mutein of the invention
comprises intramolecular disulfide bonds, it may be preferred
to direct the nascent polypeptide to a cell compartment having
an oxidizing redox milieu using an appropriate signal
sequence. Such an oxidizing environment may be provided
by the periplasm of Gram-negative bacteria such as E. coli, in
the extracellular milieu of Gram-positive bacteria or in the
lumen of the endoplasmatic reticulum of eukaryotic cells and
usually favors the formation of structural disulfide bonds. It
is, however, also possible to produce a mutein of the invention
in the cytosol of a host cell, preferably E. coli. Inthis case, the
polypeptide can either be directly obtained in a soluble and
folded state or recovered in form of inclusion bodies, fol-
lowed by renaturation in vitro. A further option is the use of
specific host strains having an oxidizing intracellular milieu,
which may thus allow the formation of disulfide bonds in the
cytosol (Venturi M, Seifert C, Hunte C. (2002) “High level
production of functional antibody Fab fragments in an oxi-
dizing bacterial cytoplasm.” J. Mol. Biol. 315, 1-8.).

However, a mutein of the invention may not necessarily be
generated or produced only by use of genetic engineering.
Rather, a lipocalin mutein can also be obtained by chemical
synthesis such as Merrifield solid phase polypeptide synthe-
sis or by in vitro transcription and translation. It is for example
possible that promising mutations are identified using
molecular modeling and then to synthesize the wanted (de-
signed) polypeptide in vitro and investigate the binding activ-
ity for a given target. Methods for the solid phase and/or
solution phase synthesis of proteins are well known in the art
(reviewed, e.g., in Lloyd-Williams, P. et al. (1997) Chemical
Approaches to the Synthesis of Peptides and Proteins. CRC
Press, Boca Raton, Fields, G. B., and Colowick, S. P. (1997)
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Solid-Phase Peptide Synthesis. Academic Press, San Diego,
or Bruckdorfer, T. et al. (2004) Curr. Pharm. Biotechnol. 5,
29-43).

In another embodiment, the muteins of the invention may
be produced by in vitro transcription/translation employing
well-established methods known to those skilled in the art.

The invention also relates to a pharmaceutical composition
comprising at least one inventive mutein of human tear
lipocalin or a fusion protein or conjugate thereof and a phar-
maceutically acceptable excipient.

The lipocalin muteins according to the invention can be
administered via any parenteral or non-parenteral (enteral)
route that is therapeutically effective for proteinaceous drugs.
Parenteral application methods comprise, for example, intra-
cutaneous, subcutaneous, intramuscular, intratracheal, intra-
nasal, intravitreal or intravenous injection and infusion tech-
niques, e.g. in the form of injection solutions, infusion
solutions or tinctures, as well as aerosol installation and inha-
lation, e.g. in the form of aerosol mixtures, sprays or powders.
An overview about pulmonary drag delivery, i.e. either via
inhalation of aerosols (which can also be used in intranasal
administration) or intracheal instiallation is given by J. S.
Patton et al. The lungs as a portal of entry for systemic drug
delivery. Proc. Amer. Thoracic Soc. 2004 Vol. 1 pages 338-
344, for example). Non-parenteral delivery modes are, for
instance, orally, e.g. in the form of pills, tablets, capsules,
solutions or suspensions, or rectally, e.g. in the form of sup-
positories. The muteins of the invention can be administered
systemically or topically in formulations containing conven-
tional non-toxic pharmaceutically acceptable excipients or
carriers, additives and vehicles as desired.

In one embodiment of the present invention the pharma-
ceutical is administered parenterally to a mammal, and in
particular to humans. Corresponding administration methods
include, but are not limited to, for example, intracutaneous,
subcutaneous, intramuscular, intratracheal or intravenous
injection and infusion techniques, e.g. in the form of injection
solutions, infusion solutions or tinctures as well as aerosol
installation and inhalation, e.g. in the form of aerosol mix-
tures, sprays or powders. A combination of intravenous and
subcutaneous infusion and/or injection might be most conve-
nient in case of compounds with a relatively short serum half
life. The pharmaceutical composition may be an aqueous
solution, an oil-in water emulsion or a water-in-oil emulsion.

In this regard it is noted that transdermal delivery technolo-
gies, e.g. iontophoresis, sonophoresis or microneedle-en-
hanced delivery, as described in Meidan V M and Michniak B
B 2004 Am. J. Ther. 11(4): 312-316, can also be used for
transdermal delivery of the muteins described herein. Non-
parenteral delivery modes are, for instance, oral, e.g. in the
form of pills, tablets, capsules, solutions or suspensions, or
rectal administration, e.g. in the form of suppositories. The
muteins of the invention can be administered systemically or
topically in formulations containing a variety of conventional
non-toxic pharmaceutically acceptable excipients or carriers,
additives, and vehicles.

The dosage of the mutein applied may vary within wide
limits to achieve the desired preventive effect or therapeutic
response. It will, for instance, depend on the affinity of the
compound for a chosen ligand as well as on the half-life of the
complex between the mutein and the ligand in vivo. Further,
the optimal dosage will depend on the biodistribution of the
mutein or its fusion protein or its conjugate, the mode of
administration, the severity of the disease/disorder being
treated as well as the medical condition of the patient. For
example, when used in an ointment for topical applications, a
high concentration of the tear lipocalin mutein can be used.
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However, if wanted, the mutein may also be given in a sus-
tained release formulation, for example liposomal disper-
sions or hydrogel-based polymer microspheres, like Poly Ac-
tive™ or OctoDEX™ (cf. Bos et al., Business Briefing:
Pharmatech 2003: 1-6). Other sustained release formulations
available are for example PLGA based polymers (PR phar-
maceuticals), PLA-PEG based hydrogels (Medincell) and
PEA based polymers (Medivas).

Accordingly, the muteins of the present invention can be
formulated into compositions using pharmaceutically accept-
able ingredients as well as established methods of preparation
(Gennaro, A. L. and Gennaro, A. R. (2000) Remington: The
Science and Practice of Pharmacy, 20th Ed., Lippincott Wil-
liams & Wilkins, Philadelphia, Pa.). To prepare the pharma-
ceutical compositions, pharmaceutically inert inorganic or
organic excipients can be used. To prepare e.g. pills, powders,
gelatine capsules or suppositories, for example, lactose, talc,
stearic acid and its salts, fats, waxes, solid or liquid polyols,
natural and hardened oils can be used. Suitable excipients for
the production of solutions, suspensions, emulsions, aerosol
mixtures or powders for reconstitution into solutions or aero-
sol mixtures prior to use include water, alcohols, glycerol,
polyols, and suitable mixtures thereof as well as vegetable
oils.

The pharmaceutical composition may also contain addi-
tives, such as, for example, fillers, binders, wetting agents,
glidants, stabilizers, preservatives, emulsifiers, and further-
more solvents or solubilizers or agents for achieving a depot
effect. The latter is that fusion proteins may be incorporated
into slow or sustained release or targeted delivery systems,
such as liposomes and microcapsules.

The formulations can be sterilized by numerous means,
including filtration through a bacteria-retaining filter, or by
incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile
water or other sterile medium just prior to use.

Another aspect of the present invention relates to a method
of treating a disease or disorder in a subject in need thereof.
This disease may or may not involve the binding/interaction
of the c-Met receptor tyrosin kinase. The disease may be a
disease in the development of which the HGF/c-Met pathway
is involved. Such a disease or disorder may be a cell prolif-
erative disorder. An example of a cell proliferative disease is
cancer. Examples of cancer to be treated include, but are not
limited to liver cancer, colon cancer (for example, primary
colon cancer, see for instance Clin Cancer Res. 2003, 9(4),
pages 1480-1488) colorectal cancer (cf. Zeng et al., Clin.
Exp. Metastasis, 200004, 21(5), pages 409-417), hepatocel-
Iular carcinoma, papillary renal carcinoma, head and neck
squamous cell carcinoma (HNSC), lymph nodes metastases
of head and neck squamous carcinoma, for example (see
Schiering et al., PNAS, Vol. 100, No. 22, pages 12654-12559,
2003, for example, or the reviews of Trusolino & Comoglio,
(2002), Nat. Rev. Cancer, 289-300 or Maulik et al. (2002)
Cytokine Growth Faktor Rev. 13,41-59). For such therapeutic
purposes tear lipocalin muteins that antagonize the HGF/c-
Met pathway and/or toxin fusions or conjugates of a tear
lipocalin mutein or conjugates of a tear lipocalin mutein with
a cytostatic agent as described above can be used.

The subject in need of such a treatment may be a mammal,
such as a human, a dog, a mouse, a rat, a pig, an ape such as
cymologous to name only a few illustrative examples.

As is evident from the above disclosure, a mutein of the
present invention or a fusion protein or a conjugate thereof
can be employed in many applications. In general, such a
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mutein can be used in all applications antibodies are used,
except those with specifically rely on the glycosylation of the
Fe part.

Therefore, in another aspect of the invention, the invented
muteins of human tear lipocalin can be used for the in vitro
detection of given ligand, i.e. c-Met receptor or a domain or
fragment thereof. Such use may comprise the steps of con-
tacting the mutein with a sample suspected of containing the
given ligand under suitable conditions, thereby allowing for-
mation of a complex between the mutein and the given ligand,
and detecting the complexed mutein by a suitable signal.

The detectable signal can be caused by a label, as explained
above, or by a change of physical properties due to the bind-
ing, i.e. the complex formation, itself. One example is plas-
mon surface resonance, the value of which is changed during
binding of binding partners from which one is immobilized
on a surface such as a gold foil.

The muteins of human tear lipocalin disclosed herein may
also be used for the in vitro separation of a given ligand of
human tear lipocalin. Such use may comprise the steps of
contacting the mutein with a sample supposed to contain said
ligand under suitable conditions, thereby allowing formation
of' a complex between the mutein and the given ligand, and
separating the mutein/ligand complex from the sample.

In both the use of the mutein for the detection of a given
ligand as well as the separation of a given ligand, the mutein
and/or the target may be immobilized on a suitable solid
phase.

The human tear lipocalin muteins of the invention may also
be used to target a compound to a preselected site. In one such
embodiment, a mutein of human tear lipocalin is used for the
targeting of a pharmaceutically active compound to a prese-
lected site in an organism or tissue, comprising of:

a) conjugating the mutein with said compound, and

b) delivering the mutein/compound complex to the prese-

lected site.

The pharmaceutically active compound may be selected
from the group consisting of a toxin, a cytostatic agent or a
c-Met antagonist. Examples of c-Met antagonists include a
monoclonal antibody (which typically binds the extracellular
domains of c-Met), or inhibitors that target the intracellular
domains (in particular the tyrosine kinase domain). Examples
of small molecule inhibitors include, but are not limited to, a
13,5, triazine-2,4-diamine derivative as described in WO
2004/031184, a 2-(2-,6-dichlorophenyl-imidazole derivative,
a nitrogen containing bicyclic derivative, a 5-benzylsulfonyl
and sulfonamide substituted pyrrole indoline (for example,
the compound PHA-665752 developed by Sugen and
described by Christenson J. G. AACR, Abst 4963 and 6200,
2003, or Sattler M et al, AACR, Abst 1005, 2003).

For such a purpose the mutein is contacted with the c-Met
receptor tyro sin kinase or a domain in order to allow complex
formation. Then the complex comprising the mutein and the
compound of interest are delivered to the preselected site.
This use is in particular suitable, but not restricted to, for
delivering a drug (selectively) to a preselected site in an
organism, such as an infected body part, tissue or organ which
is supposed to be treated with the drug. Besides formation of
a complex between mutein and compound of interest, the
mutein can also be reacted with the given compound to yield
a conjugate of mutein and compound. Similar to the above
complex, such a conjugate may be suitable to deliver the
compound to the preselected target site. Such a conjugate of
mutein and compound may also include a linker that
covalently links mutein and compound to each other. Option-
ally, such a linker is stable in the bloodstream but is cleavable
in a cellular environment.
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The muteins disclosed herein and its derivatives can thus be
used in many fields similar to antibodies or fragments thereof.
In addition to their use for binding to a support, allowing the
target of a given mutein or a conjugate or a fusion protein of
this target to be immobilized or separated, the muteins can be
used for labeling with an enzyme, an antibody, a radioactive
substance or any other group having biochemical activity or
defined binding characteristics. By doing so, their respective
targets or conjugates or fusion proteins thereof can be
detected or brought in contact with them. For example,
muteins of the invention can serve to detect chemical struc-
tures by means of established analytical methods (e.g. ELISA
or Western Blot) or by microscopy or immunosensorics.
Here, the detection signal can either be generated directly by
use of a suitable mutein conjugate or fusion protein or indi-
rectly by immunochemical detection of the bound mutein via
an antibody.

Numerous possible applications for the inventive muteins
also exist in medicine. In addition to their use in in vitro
diagnostics and drug delivery, a mutant polypeptide of the
invention, which binds, for example, tissue- or tumor-specific
cellular surface molecules can be generated.

The invention is further illustrated by the following non-
limiting Examples and the attached drawings in which:

FIG. 1 shows a map of phasmid vector pTLPC59, with
FIG. 1a showing a schematic presentation of the regulatory
elements of the vector and FIG. 15 representing a schematic
enlargement of the gene construct of the tear lipocalin
muteins that is used for expressing the naive library,

FIG. 2 shows a map of the expression vector pTLPC 10,

FIG. 3 shows the polypeptide sequences of the tear lipoca-
lin muteins S225.4-K24 (SEQ ID NO: 1) in alignment with
the polypeptide sequences of wildtype tear lipocalin (SEQ ID
NO: 71),

FIG. 4 shows the method of affinity screening via ELISA
and the results obtained for muteins with affinity for c-Met,

FIG. 5 shows an alignment of the polypeptide sequences of
the tear lipocalin muteins S225.4-K24 (residues 20-152 of
SEQIDNO: 1), and S244.2-HO08 (residues 20-152 of SEQ ID
NO: 4), S244.2-1.01 (residues 20-152 of SEQ ID NO: 5),
5244.4-NO5 (residues 20-152 of SEQ ID NO: 6), S244.5-J05
(residues 20-152 of SEQ ID NO: 7), S244.8-120 (residues
20-152 of SEQ ID NO: 8), S244.8-107 (residues 20-152 of
SEQ ID NO: 9),

FIG. 6 shows BlAcore measurements of the binding of a
human tear lipocalin mutein of the invention (S244.2-HOS;
SEQ ID NO:4) to c-Met,

FIG. 7 shows the result of an affinity assessment of the
c-Met binding muteins 5244.2-H08, S244.2-1.01, S244.4-
NOS, S244.5-J05, S244.8-120, S244.8-107 (SEQ ID NOs.:
4-9) in a cellular context on HT-29 cells,

FIG. 8 shows the method of affinity screening via ELISA
and the results obtained for muteins with affinity for c-Met,

FIG. 9 shows an alignment of the polypeptide sequences of
the tear lipocalin muteins S225.4-K24 (residues 1-111 of
SEQID NO: 1), S244.2-HO08 (residues 1-111 of SEQ ID NO:
4),8261.1-L.12,8261.1-J01,and S261.1-L.17 (residues 1-111
of SEQ ID NOs.: 32-34, respectively). FIG. 9 discloses the
“TLc wt” sequence as residues 1-111 of SEQ ID NO: 71.

FIG. 10 shows a map of the expression vector pTLPC 47,
“His(6)” disclosed as SEQ ID NO: 55.

FIG. 11 shows the result of an affinity assessment of the
c-Met binding muteins S261.1-1.12, S261.1-J01, and S261.1-
L17 (SEQ ID NOs.:32-34) in a cellular context on HT-29
cells,
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FIG. 12 shows competition ELISA measurements of the
binding of a human tear lipocalin mutein of the invention
(S261.1-L.17; SEQ ID NO:34) to c-Met,

FIG. 13 shows the result of an affinity assessment of the
c-Met binding mutein S261.1-1.12_C123 (SEQ ID NO:35) in
a cellular context on HT-29 cells,

FIG. 14 shows the results of the pH stability test of the tear
lipocalin mutein S261.1-J01 (SEQ ID NO:33),

FIG. 15 shows an alignment of the polypeptide sequences
of further tear lipocalin muteins of the invention (in which
further single mutations have been introduced) together with
their K, value for the binding to c-Met,

FIG. 16 shows the result of an affinity assessment of the
c-Met binding muteins 5318.1-C10, S318.1-L.13, S318.1-
Al16,8318.2-124, and S318.1-012 (SEQ ID NO: 42, 44, 45,
46 and 49) in a cellular context on HT-29 cells.

EXAMPLES

Unless otherwise indicated, established methods ofrecom-
binant gene technology were used, for example, as described
in Sambrook et al. (supra).

Example 1

Generation of a Library with 1.6x10'° Independent
Tle Muteins

Arandom library of tear lipocalin (Tlc) with high complex-
ity was prepared essentially as described in Example 1 of PCT
application PCT/EP2007/057971 the disclosure of which is
fully incorporated by reference herein with the exception that
the library gene construct for phage display pTLPC59 (FIGS.
1a and 15) is placed under the control of a lac p/o instead of
atet p/o and is genetically fused to the full length gene III of
VCSM13 phage.

Tear lipocalin mutein phage production in a multivalent
phage display format was realized using M13K07 Hyperph-
age (Progen) for E. coli infection under standard methods as
described in literature (M. Kirsch et al. Journal of Immuno-
logical Methods 301 (2005) 173-185).

Example 2

Phagemid Presentation and Selection of Tlc Muteins
with Affinity for c-Met Receptor

Phagemid display and selection was performed employing
the phagemids obtained from Example 1 essentially as
described in WO 2005/019256 Example 3 with the following
modifications: The target protein (c-Met receptor-Fe, R&D
systems) was employed at a concentration of 200 nM and was
presented to the library as Fe-fusion protein with subsequent
capture of the phage-target complex using protein G beads
(Dynal). In order to select binders that act non-antagonistic to
the natural ligand HGF, an additional wash step was intro-
duced using 200 nM of soluble HGF (R&D systems), before
c-Met bound library phages were eluted under basic condi-
tions. Four rounds of selection were performed.

Example 3

Identification of c-Met Receptor-Specific Muteins
Using High-Throughput ELISA Screening

Screening of the muteins selected according to Example 2
was performed essentially as described in Example 3 of WO
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2006/56464. Modifications of the protocol are described in
the following: Expression vector was pTLPC10 (FIG. 2).
Target protein used was c-Met receptor-Fc (R&D Systems) at
1 pg/ml and 3% milk was used as unrelated control target
instead of human serum albumin.

Screening of 2880 clones, sclected as described in
Example 2, led to the identification of 342 primary hits indi-
cating that successful isolation of muteins from the library
had taken place. Using this approach the clone S225.4-K24
(SEQ ID NO: 1) was identified. The sequence of S225.4-K24
